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Recently, it has become widely recognized t h a t  gravi ty  waves play an 
important r o l e  i n  determining the large-scale c i r cu la t ion  of the middle 
atmosphere (FRITTS e t  al.,  1984). This r e a l i z a t i o n  has come about, i n  l a rge  
measure, from the r e a l i z a t i o n  t h a t  Rayleigh f r i c t i o n  plays an important r o l e  i n  
the dynamics of the middle atmosphere. Since ~ a y l e i g h  f r i c t i o n  i s  in t imately  
r e l a t e d  t o  the sa tu ra t ion  of v e r t i c a l l y  propagating gravi ty  waves, an under- 
standing of the sa tu ra t ion  process has become a focal  point  f o r  theoret ica l  
s tudies  (FRITTS, 1984; WEINSTOCK, 1984). 
With the  advent of MST radar  s tudies  of the middle atmosphere, it has 
become possible t o  determine the spectrum of horizontal  atmospheric ve loc i ty  
f luc tua t ions  over the range of scales  which comprise the gravity-wave spectrum 
(BALSLEY and CARTER, 1982; LARSEN e t  a l . ,  1982). It has been suggested 
(VANZANDT, 1982; DEWAN, 1979) t h a t  these spect ra  a re  comprised of buoyancy 
waves. However, the  i n t e r p r e t a t i o n  of these spect ra  i s  controvers ia l  a s  w i l l  be 
discussed below. 
It has long been recognized (HOKES, 1967; BRETHERTON, 1969) t h a t  
turbulence can r e s u l t  from the breaking of v e r t i c a l l y  propagating waves. This 
small-scale turbulence draws i t s  energy from the in te rna l  wave f i e l d  and, a t  the 
same time, provides a sink f o r  in te rna l  wave energy. But there  i s  another kind 
of "turbulence" t h a t  ought t o  be considered. This "turbulence" i s  the quasi- 
two-dimensional turbulence t h a t  occupies the  same range of sca les  as  the  
i n t e r n a l  wave spectrum (GAGE, 1979; LILLY, 1983, LARSEN, 1983). Since i t  i s  
associa ted with a reverse cascade of energy, it requires a small-scale energy 
source, and breaking waves would appear t o  provide the source t h a t  i s  required. 
The r e l a t i o n  between waves, quasi-two-dimensional turbulence, and ordinary 
small-scale three-dimensional turbulence can be examined more eas i ly  i n  the 
lower atmosphere than i n  the middle atmosphere. One reason f o r  t h i s  i s  tha t ,  i n  
the  lower atmosphere, a i r c r a f t  observations can be used t o  help  understand the  
nature  of the frequency spec t ra  observed by MST radar. The r e s u l t s  of several  
s tudies  (LILLY and PETERSEN, 1983; NASTROM and GAGE, 1983) have recent ly  shown 
t h a t  the a i r c r a f t  spectra of horizontal  ve loc i ty  near the tropopause i s  very 
s imi la r  t o  Tay lor-transf ormed frequency spectra  of horizontal  veloci ty  obtained 
by radar.  I n  addi t ion,  the  a i r c r a f t  a l s o  measures temperature and comparison of 
temperature and veloci ty  spect ra  can a id  i n  the in te rp re ta t ion  of the nature of 
the obsetved spectra (GAGE and NASTROM, 1984). 
MST r ada r s  can a l s o  be used t o  help understand the nature of the observed 
spectra.  For example, v e r t i c a l  veloci ty  spect ra  have been observed (ROTTGER, 
1981; BALSLEY e t  a l . ,  1983; ECKLUND e t  a l . ,  1983) t o  be q u i t e  f l a t  under "quiet" 
conditions and t o  f a l l  off  rapidly a t  periods l e s s  than the Brunt-Vaisala 
period. These fea tu res  a r e  strongly suggestive of a spectrum of in te rna l  
gravi ty  waves. If the spectrum of v e r t i c a l  motions i s  in te rp re ted  a s  an 
i n t e r n a l  wave spectrum, i t  i s  possible t o  determine the magnitude and shape of 
the hor izonta l  veloci ty  spectrum of gravi ty  waves and compare t h i s  spectrum with 
the observed spectrum of hor izonta l  veloci ty  f luc tua t ions  (GAGE and NASTROM, 
1984). 
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Further c lues  t o  the nature  of che observed hor izonta l  and v e r t i c a l  velo- 
c i t y  spect ra  may be obtained by studying the a l t i t u d e  va r i a t ion  of the 
hor izonta l  and v e r t i c a l  spectra. It may be possible,  f o r  example, to  
demonstrate an increase i n  turbulent  k i n e t i c  energy a t  a l t i t u d e s  where waves 
d i s s ipa te .  I n  any event, such s tudies  should .e lucidate  the mechanisms by which 
the middle atmosphere i s  coupled t o  the lower atmosphere and c l a r i f y  the r o l e  of 
gravi ty  waves i n  t h i s  process. 
Summiry of i ssues  t o  be resolved: 
* Does the re  e x i s t  a "universal" spectrum of in te rna l  waves i n  the  atmosphere 
analogous t o  the Garrett-Munk spectrum i n  the  ocean? 
* W h a t  a r e  the sources and sinks of the atmospheric in te rna l  wave spectra?  
How do t h e i r  dynamics d i f f e r  from the dynamics of oceanic i n t e r n a l  waves? 
* Are the hor izonta l  veloci ty  spect ra  due t o  i n t e r n a l  waves, quasi-two- 
dimensional turbulence, or some other cause? 
*What i s  the a l t i t u d e  dependence of wavefturbulence spectra?  
* What i s  the  in te r re la t ionsh ip  of wave spec t ra l  amplitude, turbulence - 
i n t ens i ty ,  and the magnitude of the hor izonta l  veloci ty  spect ra  as a funct ion 
of a l t i t u d e ?  
* How a re  the j o i n t  dynamics of wave/turbulence processes best described a s  
they r e l a t e  t o  the coupling of the lower and middle atmosphere? 
Spectra l  measurements needed : 
* Comparisons of v e r t i c a l  and hor izonta l  ve loc i ty  spect ra  and t h e i r  a l t i t u d e  
var ia t ion.  
* Climatological s tudies  of v e r t i c a l  and hor izonta l  veloci ty  spectra.  
* Comparisons of radar-derived spectra  with spect ra  determined by other  
- techniques. 
" V e r t i c a l  veloci ty  spect ra  need t o  be obtained from f l a t  t e r r a i n  to  determine 
the dependence of v e r t i c a l  veloci ty  spect ra  on topography. 
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